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Abstract

Background: Becoming pregnant within 6 months of previous birth is strongly associated with 

several adverse perinatal and maternal outcomes.

Purpose: To develop a model that can predict which women are at greatest risk of experiencing 

a short interpregnancy interval (IPI).

Methods: Retrospective case-control design was employed using potential predictors collected 

from medical records. Logistic regression was used to develop a multivarible predictive model 

identifying key risk factors.

Results: Patients were at greatest risk of experiencing a short IPI if they held refugee status (OR: 

10.56; 95% Cl: 1.36, 81.70), were in a common law relationship (OR: 7.16; 95% Cl 1.43,44.81), 

had no specified occupation (OR: 1.30; 95% Cl: 1.10, 1.94), or had the Children’s Aid Society 

involved in the care of index children (OR: 4.93; 95% Cl: 1.28, 18.72). To maximize utility, a 

predictive nomogram was constructed.

Conclusions: Results can be used to prompt preventative care.

Keywords: maternal health, interpregnancy interval, birth spacing, underserved populations, 
community health, logistic regression, predictive nomogram.
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1 Chapter One: Introduction

This project was undertaken with the expectation that the results would enhance the 

capacity of the London Intercommunity Health Centre (LIHC) in London, Ontario, Canada to 

provide preventative care to clients from underserved populations. This is important because the 

LIHC aims to “support individuals and families whose poverty, isolation, age, lack of housing or 

recent immigration prevent access to services.”1

This project began with a discussion between the student-researcher and LIHC clinicians to 

identify areas of interest and research products that would be useful in clinical practice.

Following this discussion, the literature was consulted to establish the importance of identified 

issues in the greater population. As a result of this process, the specific goal of this project 

became to develop a model that can predict which women using the LIHC prenatal program are 

at greatest risk of experiencing a short interpregnancy interval. Such pregnancy occurs when 

conception takes place within 6 months of previous birth, and is also referred to as a short birth- 

to-conception interval.

Short interpregnancy intervals are the focus of inquiry for three reasons. First, clinicians at 

the LIHC prenatal clinic identified birth spacing as an important concern in their practice; 

second, there is reason to believe that women from underserved populations are more likely to 

conceive shortly after birth; and third, there is well-established risk to mothers and infants in the 

greater population.3,4

Numerous studies have found that infants bom to women with interpregnancy intervals 6 

months or shorter had a significantly increased risk of preterm birth, low birth weight, and small 

for gestational age, compared to infants bom to women with intervals of 18 to 23 months. Some 

studies also found links between short interpregnancy intervals and neonatal mortality and



morbidity. Further, it has been shown that short interpregnancy intervals are associated with 

increased risks of placental abruption and placenta previa, and uterine rupture in women 

attempting a vaginal birth after previous cesarean delivery.4

Although there is a vast body of literature on the effects of interpregnancy intervals on 

infant and maternal health, few studies have attempted to develop a predictive model to 

determine which women are most likely experience short interpregnancy intervals, and no 

studies that were identified developed a clinical tool to predict women at risk.

The ability to predict short interpregnancy intervals may improve the health status of 

women attending the LIHC prenatal program and elsewhere by prompting increased preventative 

care, including special attention to nutritional depletion, a hypothesized cause of negative health 

outcomes resulting from short interpregnancy intervals.3 Though an unexpectedly small sample 

size was obtained, the analysis of this work was conducted as carefully as possible in order to 

ensure the clinic received a useful tool. In the future, a larger scale study could be conducted to 

validate this tool and apply this model in other populations.
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2 Chapter Two: Background

2.1 Background

Though there is a comprehensive body of literature on negative health outcomes associated 

with short interpregnancy intervals, there is very little information available on why women 

conceive shortly after birth. As a result, explanations of why short interpregnancy intervals occur 

will be examined speculatively through the examination of birth trends in Canada, patterns in 

birth spacing, fertility after birth, access to and use of contraceptive measures, and intention. 

Preceding a comprehensive look at the associated negative health outcomes, the causal 

mechanisms associated with this relationship will be explored, acknowledging that this is also a 

body of literature that is underdeveloped.

2.1.1 Birth Trends in Canada

Canadian fertility rates have declined substantially in the past fifty years, from an average 

of 3.9 births per woman in 1959s to an average of 1.59 births per woman in 2006.6 There are a 

variety of explanations for this decline, including increased access to contraception, increased 

female participation in the workforce, higher educational attainment, postponement of marriage 

and first birth,7 and changes in the structure of families and households including increased 

divorce rates, levels of unmarried cohabitation, number of blended and same-sex relationships,
q

and the number of single parent households.

Since 1986, the average age of first birth has risen from 27.0 to 29.3.6 This increase in 

average age has both positive and negative consequences for mothers and their offspring.

Women who experience first birth in their early to mid-twenties enjoy advantages associated 

with giving birth during their biological prime, but are at greater risk of experiencing poverty.8
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Women who delay first birth are more likely to have attained higher education, established 

careers, and as a result possess greater financial security.8 According to Tudiver, delayed child 

bearing is “a trend that can carry physical health disadvantages [but] may also carry social and
Q

economic advantages that, in turn, translate info benefits for healthy child development.”

2.1.1.1 Birth Spacing in Canada

Though Statistics Canada produces a variety of measures on fertility rates, place and 

mode of birth, birth outcome, and other pregnancy-related factors, information on birth spacing 

is sparse.5 The most recent Canadian survey examining the timing and spacing of Canadian 

births was the Family History Survey (FHS), which was based on the sampling frame of the 

Canadian Labour Force Survey in 1984.5

The FHS measured ‘birth interval,’ referring to the time between two successive births, 

among 14,000 Canadian women. Results showed that there is a 2% chance of having a second 

birth within 12 months of the first, which loosely corresponds to a 3-month interpregnancy 

interval. There is a 28% chance of having a second birth within 24 months, a 56% chance within 

36 months and an 84% chance within 72 months.5 Patterns in spacing between second and third 

births follow similarly, if a third birth is to occur, with probability of 1% that a third birth will 

take place within 12 months of the second.5

There is reason to believe that women from underserved populations may be more likely 

to conceive shortly after previous birth, though this has not been explored in depth. Gold et al. 

conducted a study of birth spacing and income inequality in Washington State and found that the 

hazard of next birth from index birth was 309% greater for women in the most unequal counties 

compared to those in the most equal counties, suggesting that community-level income 

inequality may impact birth spacing.2
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2.1.2 Why Short Interpregnancv Intervals Occur

The occurrence of short interpregnancy intervals is necessarily dependent on sexual 

activity, fertility, and patterns of contraception use after birth.

2.1.2.1 Sexual Activity After Birth

The resumption of sexual activity most often occurs within the first several months after 

birth. A study of 570 women and 550 of their partners in midwestem United States found that 

17% of women had engaged in sexual intercourse at least once within 1 month of birth, 89% 

within 4 months, and 92% within 12 months.10 There are several reasons for delayed resumption 

of sexual activity after birth. The first is related to residual pain and tenderness, caused by 

inadequate healing, episiotomy, residual bleeding, and inadequate lubrication due to decreases in 

estrogen production after birth. The second is simply fatigue.10

Women also tend to experience decreased sexual desire for several months after birth. 

This effects not only the resumption of sexual activity, but also the amount of sexual activity 

women engage in. Recent research indicates that 60% of women are having less sexual 

intercourse 5 months after birth than they were pre-pregnancy,11 and more than 10% had not 

resumed their pre-pregnancy levels of sexual activity by 6 months post-partum.12 These findings 

are contrary to previous research on sexual activity after birth, which indicated that interest in 

sexual activity returned to pre-pregnancy levels by four weeks post-delivery for most women.11

2.1.2.2 Fertility After Birth

The resumption of sexual activity after birth generally occurs concurrently with the 

reinstatement of a woman’s fertility, depending on breastfeeding status. In mothers who bottle 

feed, or mix bottle and breastfeeding, first menstruation occurs at 8 weeks post-partum on
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average, and 32 weeks post-partum in women who exclusively breastfeed. First ovulation occurs 

at approximately 10 weeks in women who bottle feed, or bottle and breastfeed, and 36 weeks in 

women who exclusively breastfeed.13

No published literature was found on the probability of conception without contraception 

during the first months after ovulation resumes post-partum. As a reference, in the general 

Canadian population, the Royal Commission for New Reproductive Technologies (RCNRT) 

estimates that 91.5% of women will conceive after regular sexual activity without contraception 

within one year, and 93% within two years.14 It follows logically that an important factor in the 

occurrence or avoidance of a short inter-pregnancy interval must be related to contraceptive 

practices including breastfeeding, and access to, or the decision to use, other methods.

Breastfeeding

Many women - intentionally or unintentionally - use breastfeeding as a form of 

contraception during the months immediately after childbirth, as lactation inhibits ovulation by 

preventing estrogen secretion.15 The effectiveness of this method relies on several factors. First,

4 hours or less must elapse between feedings during the day, and 6 hours or less during the night; 

second, the infant must be breastfed exclusively, without supplementation of solid foods or 

formula beyond 5-10% of their total nutritional intake.15 If these conditions are met, 

breastfeeding is approximately 98% effective, which is analogous to oral contraceptive use.15 It 

is likely that breastfeeding plays a substantial role in delaying conception after birth, as over two 

thirds of Canadian women initiate breastfeeding, though only 33% continue for more than 3 

months.16

Contraceptive Use



7

Outside of the use of exclusive breastfeeding as a contraceptive measure, it is unclear 

how many women discuss the initiation of other forms of contraception after birth, or when this 

generally occurs. But, studies have shown that most women feel they are not getting the family 

planning support they need. Results from demographic and health surveys from 27 developing 

countries revealed that 60% of women believe their post-partum contraceptive needs have gone 

unmet.17

In a survey of new mothers conducted in the United Kingdom (n=174), less than 10% of 

the sample received any contraceptive information from their health care provider in hospital, 

and only 1.2% of women had a discussion with their general practitioner regarding post-natal 

contraception that could be described as “lengthy and helpful.”18 Most women received 

contraceptive information during their 6-week check-up, which is two weeks after the 

recommended start date for contraceptive protection.18

Access to and use of post-natal contraception not equal across populations. There is 

strong evidence that some women are less likely to initiate and maintain contraceptive use, and 

are more likely to engage in ‘contraceptive risk taking.’ Contraceptive risk taking is described as 

“the non-use of contraception by women who are sexually active, fertile, and not pregnant or 

trying to become pregnant.”19

A study of demographic predictors of contraceptive risk taking using United States 

census data found that the women at highest risk were most likely to be Black or Hispanic (OR: 

3.82; 95% Cl: 1.60, 9.11), 30 years of age or younger (OR: 2.57; 95% Cl: 1.23, 5.36), have 

beliefs about their reproductive cycle that are incorrect (OR: 2.51; 95% Cl: 1.21, 5.19), and have 

previous children (OR: 3.21; 95% Cl: 1.51, 6.82).19 Though it is likely that a proportion of
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pregnancies that occur shortly after birth can be attributed to a lack of access to, or understanding 

of, contraceptive measures, it is unclear how many occur by choice.

2.1.2.3 Intention

There is no published literature on why women choose to conceive shortly after 

childbirth. Some women experiencing short interpregnancy intervals may be doing so out of 

preference, for example, because they started to reproduce later in their childbearing years and 

would like to have more than one child,7 or because they have religious, moral, or ideological 

oppositions to contraceptive use. ’ But, it is likely that many women experiencing a short 

interpregnancy interval do so unintentionally.

According to Statistics Canada, 39% of Canadian pregnancies are unintended.22 Though 

rates of unintended pregnancies in Canada and the United States differ by 10%, with American 

rates of unplanned pregnancy at 49%, characteristics of women having this experience may be 

similar and thus will be explored in the absence of comparable Canadian data. It should be noted 

that ‘intention’ is difficult to measure in this context, and was measured by the pregnancy ending 

in terminating abortion, or occurring to a woman who identified herself as not wanting to be 

pregnant at that time or not intending to have any more children.

Analyses using three cycles of the American National Survey of Family Growth (NSFG) 

reveal that 48% of women experiencing an unintended pregnancy in the United States were using 

some form of contraception during the month of conception.23 The highest proportion of 

unintended pregnancies occurred among the youngest cohort analyzed, with 83% of pregnancies 

in woman 18 and younger classified as unintended. The proportion of unintended pregnancies 

dropped to its lowest level (33%) in women in their early to mid thirties, and subsequently rose 

again among women aged 40 and older, reaching 51%.



Marital status plays an important role in rates of unintended pregnancies. Proportions 

were highest in women who had never been married, with 78% of pregnancies identified as 

unintended. Sixty three percent of pregnancies experienced by women who were formerly 

married were unintentional, compared to 31 % of pregnancies experienced by married women. 

The proportion of unintended pregnancies also varied greatly by poverty status. Women in 

poverty were far more likely to experience an unintended pregnancy, and the overall pregnancy 

rate declined with increasing income.23

2.1.3 Causal Mechanisms

Several theories have been put forward to explain the link between short interpregnancy 

intervals and negative health outcomes in infants and mothers, though few have been empirically 

tested. Largely, authors tend to favour explanations relating to maternal nutritional depletion and 

reject explanations based on socio-economic or lifestyle factors.

2.1.3.1 Socioeconomic Status and Lifestyle Factors

Critics of research conducted on interpregnancy intervals often raise the possibility that 

the relationship between short interpregnancy intervals and negative health outcomes could be 

explained by confounding.24 To explain, several authors believe that short interpregnancy 

intervals are merely a marker for underlying risk factors, such as maternal socioeconomic status 

and lifestyle characteristics, which are established sources of risk for negative health outcomes 

for mothers and infants as opposed to there being a direct link between short interpregnancy 

intervals and a variety of maternal and infant health outcomes.24'25

This theory of association has been widely tested and disproved in a series of studies that 

aptly control for maternal socioeconomic status and lifestyle characteristics including a variety of
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measures of socioeconomic status, instability, smoking, access to and proper use of health care 

services, unplanned pregnancies, and other behavioural or psychological determinants.3,4 The 

association between short interpregnancy intervals and negative health outcomes is only 

marginally reduced after controlling for socioeconomic status and lifestyle factors such as
O ff  O ff

smoking, ' and differences do not persist between groups when analyses are conducted among 

samples stratified for socioeconomic, behavioural, and reproductive risk factors. In addition, 

after controlling for outcomes of previous pregnancy, the association still does not appear to 

change, implying that short interpregnancy intervals are not just a marker of prior maternal 

risk.26

2.1.3.2 Biological Explanations

In addition to social and behavioural explanations, several biological explanations have 

been proposed to account for the link between negative maternal and infant health outcomes and 

short interpregnancy intervals, including preovulatory aging, maternal stress, and maternal 

nutritional depletion. Though there is no direct consensus in the field,26 the former explanations 

are generally discarded in favour of the latter. Before discussing the role of nutritional depletion, 

several other proposed explanations will be explored, most of which are poorly supported or 

have not been studied rigorously.26

Preovulatory Overripeness

Though not directly tested using human subjects, pre- and postovulatory overripneness, a 

condition caused by delayed ovulation, has been associated with maldevelopment in laboratory 

animals, mainly amphibians. Consequences of developmental issues tend to spring from gonad
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9Rmalformations in the fetus. This theory is highly underdeveloped and virtually untested in the 

literature.

Maternal Stress

Maternal stress has been connected with the risk of fetal death and preterm birth in 

various settings. Khoshnood et al. suggest that the connection between short interpregnancy 

intervals and adverse health outcomes may be due to the additional stress placed on a mother 

when becoming pregnant while caring for a young infant.29

Incomplete Healing of Uterine Scar

A possible explanation of the link between short interpregnancy intervals and uterine 

rupture in woman whose index birth was by cesarean section is that an insufficient amount of 

time has elapsed to allow for adequate healing of the uterine scar caused by incision. In a study 

using magnetic resonance imaging (MRI), Dicle et al. found that complete healing of uterine 

anatomy after cesarean section takes between six and nine months.4

Maternal Depletion Syndrome

The most supported causal explanation for the link between short interpregnancy 

intervals and negative health outcomes is related to Maternal Depletion Syndrome. According to 

Winkvist et al., Maternal Depletion Syndrome can be defined as “a negative change in maternal 

nutritional status during a reproductive cycle going from non-pregnant, non-lactating; to 

pregnancy; to lactation; to partial lactation; and back to non-pregnant nonlactating.”27 For some 

micronutrients affected by the reproductive cycle, such as vitamins A, B6 and B12, there is no 

reason to believe that fluctuating levels affect maternal and infant health due to short
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interpregnancy intervals. Other factors such as iron, zinc and, most importantly, folate, may play 

highly important causal roles.26,27

Iron

Iron levels, like several other micronutrients, do not return to pre-pregnancy levels until 

several months after delivery. This is a possible explanatory factor because of the connection 

between iron deficiency in early pregnancy, preterm birth, and, consequently, low birth weight.26 

Though inadequate iron stores may be causally related to preterm birth and low birth weight, 

there is no reason to believe this deficiency is related to any other negative health outcomes 

associated with short interpregnancy intervals.26

Zinc

Though there is no published literature in support of this hypothesis to date, it is possible 

that low plasma zinc concentrations may also play a causal role in the link between short 

interpregnancy intervals, and preterm birth and low birth weight. The link between plasma zinc 

levels and preterm birth are readily established in the literature, and may be expanded to include 

cases where zinc levels are influenced by birth spacing.27

Folate

The most well-established micronutrient deficiency associated with negative health 

outcomes among women experiencing short interpregnancy intervals and their offspring is folate 

(vitamin B9). Folate is crucial in both pregnancy and lactation, as it aids cell division and 

growth through nucleic acid synthesis in the placenta and fetus.31 It plays a crucial role in 

maternal health by increasing red cell mass, enlarging the uterus and placenta,31 and aiding in the
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production and secretion of breast milk.27 Demand for folate is highest during gestational periods 

of rapid tissue growth.31

As a result, folate levels often do not recover for several months after birth. Smits and 

Essed found that one third of mothers had insufficient folate levels by the second to third month 

after delivery, and one fifth of mothers were still folate deficient by six months post partum.26 

Similarly, Bruinse and van den Berg assert that the “net cost of folacin during pregnancy is 

considerable, and repletion of folacin stores takes more than six months.”32

Unlike other potential causal explanations for the link between negative health outcomes 

and short interpregnancy intervals, the effects of folate depletion have been tested independently. 

Folate depletion has been linked to several adverse health outcomes such as preterm delivery, 

low infant birth weight, fetal growth retardation, placental abruption and preeclampsia.31’33

In a study of 3,153 multiparous woman, van Eijsden found that each increase in 

interpregnancy interval between 1 and 24 months was significantly associated with a 63.1 gram 

increase in birth weight (95% Cl: 42.8, 83.4). Further, they found that this effect could be 

mitigated by folic acid supplementation. Those who did not use folic acid supplementation 

experienced a statistically significant 165.3 gram decrease in birthweight (95% Cl: 125.7, 204.9); 

those who started folate supplementation late experienced a statistically significant 33.5 gram 

decrease in birthweight (95% Cl: -2.1, 69.1); and a non-significant decrease of 5.9 grams for 

early use (95% Cl: -27.7, 39.5).25 These results have two important implications: they add 

support for previous research that has suggested there is a negative association between short 

interpregnancy intervals and fetal growth, and they lend support for fetal depletion as a possible 

causal factor.25
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It is likely that women from underserved populations are at a greater risk of experiencing 

the negative health outcomes associated with nutritional depletion because of pre-pregnancy
T  t

dietary deficiencies and a lack of access to supplements. The extent of folate depletion is 

dependent on the mother’s pre-pregnancy levels, dietary intake and supplementation, and their 

ability to absorb the micronutrient. In non-pregnant women there are several genetic 

abnormalities that can lead to insufficient folate absorption, but most folate deficiencies are 

caused by inadequate dietary intake or supplementation, which are the only sources of folate for 

humans.31

It follows, as explained by Smits and Essed, that if a sufficient restoration has passed 

between birth and subsequent pregnancy, the mother’s risk of folate deficiency will be the same 

in each subsequent pregnancy as the last. If there has not been a sufficient restoration period, the 

mother’s risk of deficiency will be far higher and the recovery period longer. This may explain 

why a minor increase in risk persists after controlling for socioeconomic and behavioural factors 

in outcome-based studies.

2.1.4 Associated Negative Health Outcomes

Despite the dearth of literature published on why short interpregnancy intervals occur, 

and the causal mechanisms that explain their effect, health outcomes related to closely spaced 

pregnancies for mothers and their offspring are well documented. It is worth reemphasizing that 

several authors have suggested that the link between negative health outcomes and short 

interpregnancy intervals is due to confounding, as women experiencing short interpregnancy 

intervals may be at greater reproductive risk independent of birth interval because of 

socioeconomic, behavioural, and lifestyle factors.24 However, recent research on interpregnancy



intervals has been meticulous in controlling for these factors and results have not been 

significantly attenuated as a result.3 Several strong associations persist for infants and mothers.

2.1.4.1 Infant Health

Preterm Birth

A birth is considered preterm if it occurs before 37 weeks gestation.34 Preterm birth is one 

of the leading causes of perinatal mortality in industrialized countries,34 and affects 

approximately 8.1% of live births in Canada each year.35 Infants bom preterm are more likely to 

die during their first year of life, suffer from chronic illness, slow growth, and behavioural and 

learning difficulties than infants bom full-term.36 Preterm birth is more likely to occur in 

multiple (as opposed to singleton) births, when mothers have co-morbidities such as diabetes or 

hypertension, and to mothers that have had previous preterm deliveries.35

According to Miller, preterm birth accounts for the largest proportion of excess risk 

associated with short birth intervals. A meta-analysis of 8 studies performed by Conde- 

Agudelo et al. supports this assertion, finding a significant increase in risk for preterm birth 

following a short interpregnancy interval. Pooled adjusted results show that risk for preterm birth 

is 40% higher in infants bom after an interpregnancy interval of 6 months or less, compared with 

18-23 months (OR: 1.40; 95% Cl: 1.24,1.58), controlling for maternal age and socioeconomic 

status.3 Pooled unadjusted results found infants conceived after a short interpregnancy interval to 

be nearly 80% more likely to experience preterm birth (OR: 1.77; 95% Cl: 1.54,2.04).3 This
OQ ‘i f i  A f \relationship has been demonstrated repeatedly in the literature.

15

Low Birthweight
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An infant is said to be low birthweight if they measure less than 2,500 grams (5 pounds 8 

ounces) at birth. This occurs either because they are bom preterm, or because they are small for 

gestational age, and affects about 6% of live births in Canada each year. Low birthweight is 

often used as a marker of overall perinatal health because it has such strong ties with infant 

development, survival, and health. Infants bom weighing under 2,500 grams are more likely to 

experience physical and cognitive disabilities, and chronic health problems across the lifespan.35

Etiologic studies have also found that short interpregnancy intervals have a causal 

relationship with low birthweight births.38,42 In a meta-analysis of 6 studies controlling for 

maternal age and socioeconomic status, infants bom after an interpregnancy interval of 6 months 

or less were 60% (OR: 1.61; 95% Cl: 1.39, 1.86) more likely to be low birthweight according to 

unadjusted results, and over 200% (OR: 2.12; 95% Cl: 1.98, 2.26) more likely according to 

adjusted results.3

Small for Gestational Age

There are a number of common characterizations of the term ‘small for gestational age’ 

(SGA), which is also analogous to intrauterine growth restriction/retardation (IUGR). Definitions 

include birth weight less than the 10th percentile for gestational age; birth weight less than 2 

standard deviations below the mean value for gestational age; and birth weight less than 2,500 

grams and gestational age greater than or equal to 37 weeks.47 Yearly, about 8.3% of live births 

in Canada are SGA.35 The most common maternal characteristics associated with SGA include 

maternal hypertension and primigrávida (being pregnant for the first time). Several socio­

demographic factors are also associated with SGA, including neighbourhood income and living 

in an urban setting.35



The relationship between SGA and short interpregnancy intervals is not consistent, 

though several studies have found a significant link.43,44 Conde-Agudelo conducted a meta­

analysis of 7 studies measuring small for gestational age, and found that infants bom after an 

interpregnancy interval of 6 months or less were nearly 40% (OR: 1.39; 95% Cl: 1.20,1.61) 

more likely to be SGA than infants bom after an interval of 18-23 months, according to 

unadjusted results. Adjust results showed they were closer to 30% (OR: 1.26; 95% Cl: 1.18, 

1.33) more likely to be SGA.

Perinatal Death

Perinatal mortality refers to stillbirths after 28 weeks and newborn deaths before 1 week
A O

of age. The perinatal mortality rate has declined in recent years in Canada, from 6.8 in 1991 to

6.1 deaths per 1,000 total births in 2006.”48 The association between perinatal death and short 

interpregnancy intervals is not well supported in the literature, though some studies have found 

an association.43,49'50 A study of over 1 million births using 1991 U.S. Linked Birth-Death files 

from the American National Centre for Health Statistics found a statistically significant 

relationship between an interpregnancy interval of 6 months or less and perinatal death among 

white (OR: 1.20; p<0.01) and black (OR: 1.25; p<0.01) mothers.49 Several other studies did not 

find a statistically significant association.50

2.1.4.2 Maternal Health

Preeclampsia

Preeclampsia is characterized by a rapid rise in blood pressure, protein in urine and 

swelling, and is a precursor of eclampsia, which causes tonic-clonic (full-brain) seizures. It is 

thought to be causally associated with nearly 15% of preterm births.51 Preeclampsia affects 2.6%
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of Canadian pregnancies, and approximately 1 in 200 of cases go on to become full eclampsia.52 

The causes of preeclampsia are not well established, though mothers tend to be over 40 or under 

20, experiencing their first pregnancy, of black or Aboriginal ancestry, overweight, or have pre-
C 1}

existing high blood pressure, diabetes or kidney disease.

Analyses of the relationship between short interpregnancy intervals and preeclampsia 

most often show a relationship between the two. Trogstad et al., in a study of 547,238 Norweigan 

women, found that birth-to-conception intervals of 12 months or less are associated with a 50% 

(OR: 1.51; 95% Cl: 1.2-1.9) increase in the occurrence of preeclampsia compared to those with 

intervals of 18 to 23 months, adjusting for age, previous preeclampsia, change of partner and 

year of second delivery.53 Similar results have been found in North and South America.54'56

Maternal Death

The occurrence of maternal death, which is defined as non-accidental death during 

pregnancy or up to 42 days after the termination of pregnancy,57 has declined substantially in the 

past century. In 1920, approximately 500 per 100,000 live births in Canada ended in maternal 

death, compared to less than 5 per 100,000 in the 1990s.58

The relationship between short interpregnancy intervals and maternal death has not been 

studied in depth. But, Conde-Agudelo and Belizan found that, after adjusting for confounding 

factors, women who conceive within 5 months of index birth had significantly increased rates of 

maternal death (OR: 2.54; 95% Cl: 1.22, 5.38) compared to those with birth to conception 

intervals of 18 to 23 months.55

In addition to the outcomes discussion above, there is limited research available on the 

relationship between short interpregnancy intervals and other maternal outcomes such as 

premature rupture of membranes, gestational diabetes, third trimester bleeding, postpartum
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hemorrhage and infection,4 third trimester bleeding, premature rupture of membranes, puerperal 

endometritis, and anemia,55 as well as childhood outcomes in offspring such as cerebral palsy,59 

schizophrenia,60 and school readiness.61 To date, these relationships are not well established.

2.1.5 Predictive Studies

Despite well-established risk to infants and mothers, few studies have attempted to 

develop predictive models to determine which women are at greatest risk of experiencing a short 

interpregnancy interval. Only two could be identified. The first was developed using 2,904 

mothers in Denmark, and used logistic regression to determine determinants of becoming 

pregnant within nine months of previous birth using data from a national registry.62 Short 

interpregnancy intervals, using a nine-month cut point, occurred in 4.8% of their sample and 

were more likely to occur as a result of an unplanned pregnancy (OR: 2.9; 95% Cl: 2.2, 3.9), to 

follow irregular menstruation (OR: 1.7; 95% Cl: 1.1, 2.5) and to high parity mothers (OR: 1.9; 

95% Cl: 1.1, 3.1). Poor housing, smoking and low socioeconomic status were also associated 

with birth intervals of nine months or less.62

The second was a study of 20,028 women receiving welfare in Washington State using 

the Washington State Needs Assessment Database.63 Cox-proportional hazard modelling was 

used to identify individual- and community- level predictors of interpregnancy intervals up to 

seven years after birth. Factors such as age, education, race, marital status, and the interaction 

between age and gravida were statistically significant, but the model was shown to have little 

predictive power when validated using data-splitting.63
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2.1.5.1 Research Gap

A common criticism of models developed to predict short interpregnancy intervals is that 

they may be closely bound to the source population. Neither Kaharuza et al. nor Gold et al. were 

able to fully evaluate the generalizability of their model in other populations.62,63 Development of 

a specialized model may be especially important for use in clinics that serve a specialized 

population, such as the LIHC.

A key contribution of this project to the literature on short interpregnancy intervals will 

be the development of a clinical tool. The nomogram can be used to help clinicians predict which 

women are at greatest risk of conceiving again within 6 month of previous birth. This is a 

significant contribution because, though informative in a research setting, results from regression 

analyses are difficult to interpret and apply in a clinical setting.
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3 Chapter Three: Objectives

The purpose of this project is to enhance the capacity of the London Intercommunity Health 

Centre (LIHC) to provide preventative care to patients from underserved populations.

Project objectives are twofold:

1) To develop a model to predict which women using the LIHC’s prenatal 

program are at greatest risk of experiencing a short interpregnancy interval using data 

routinely collected in Ontario prenatal clinics.

2) To create a user-friendly method for applying these findings in a clinical 

setting through the development of a predictive nomogram.

The results of this study may be generalized to other prenatal clinics that serve similar 

population groups.
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4 Chapter Four: Methods

It should be noted that every attempt was made to avoid disturbing the prenatal clinic over 

the course of study completion. Data already collected in clinics across Ontario was used to 

minimize burden, and to make tools as user friendly as possible. This allowed for quality data to 

be collected with little disruption to the clinic, ensured that the use of the model could be 

sustained, and maximized the utility of results.

4.1 Design

This study uses a retrospective case-control design. Those with short interpregnancy 

intervals (cases) are compared to those with moderate interpregnancy intervals (controls) on a 

variety of social and biological characteristics. The resulting model will be predictive, as 

variables in the model will be used to identify those at greatest risk of experiencing a short 

interpregnancy interval, and will not provide information on causality.

4.1.1 Study Population

Participants were patients of the prenatal program at the London Intercommunity Health 

Centre (LIHC) in London, Ontario. The LIHC provides services to this population via two 

locations in London’s east side, which house many of the city’s newest and poorest residents. 

The LIHC patient base is ethnically heterogeneous, representing 79 countries of origin and 36 

different languages, but economically homogeneous, as 63% of clients with annual household 

income less than $19,999.'

Patients were referred for participation based on appointment records between January 

2000 and December 2008. All data was retrieved from paper medical records, and participants 

were never contacted for additional information. As such, informed consent was not obtained. A



23

consent waiver was granted by the Health Sciences Research Ethics Board at The University of 

Western Ontario because of the absence of physical, emotional, or psychological danger to 

participants; the inability to identify characteristics of individual patients from aggregated data; 

and the lack of ongoing relationship of participants with the clinic due to the temporary nature of 

prenatal care (see appendix A).

4.1.1.1 Inclusion Criteria

Patients were eligible to participate if they attended at least one prenatal appointment at 

the LIHC between January 2000 and December 2008, if their current pregnancy was not their 

first, and if one or more of their previous pregnancies resulted in live or still birth, as opposed to 

spontaneous or therapeutic abortion, which occurs before 24 weeks gestation.

4.1.1.2 Exclusion Criteria

Patients were excluded if their medical records were excessively incomplete, particularly 

if there was inadequate information available on dates or outcomes of previous pregnancies.

4.1.1.3 Sample Size

In total, 465 patients were referred for participation based on clinic appointment 

schedules. Ninety-two percent (n=430) of paper-based medical records were located, and 46.5% 

(n=200) of patients whose charts were located met the inclusion criteria. Due to excessive 

amounts of missing information, 9 charts were dropped from the analysis. The final sample 

consisted of 191 participants. Ten-and-a-half percent (n=20) of participants were classified as 

cases, while 89.5% (171) were classified as controls. See figure 4.1 for a graphical

representation.
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Figure 4.1: Sample schematic

4.1.2 Data Source

The data used in this analysis were retrieved from LIHC medical records, which are 

currently in paper format. All variables were abstracted by the student researcher and entered 

into a Microsoft Access database.

Variables were collected from two forms. The ‘Ontario Medical Association/Ontario 

Ministry of Health and Long-Term Care Antenatal Record 1’ (see appendix B), a government-



mandated form that is filled out in prenatal clinics across the province of Ontario, served as the 

primary source of data. This information was supplemented by variables collected from the 

‘London Intercommunity Health Centre Client Intake Form’ (see appendix C).

4.1.3 Collected Variables

All reasonably complete variables suspected to have predictive relevance were collected. 

They can be loosely categorized into socio-demographic, behaviour and bio-medical predictors. 

For a complete list of variables in each category, see tables 4.1,4.2 and 4.3.

25
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Table 4.1: Complete list of socio-demographic variables collected
Variable Code Source Levels

Immigration status ImmGrp LIHC intake l=Canadian citizen
2=Landed immigrant, permanent 
resident, visitor 
3= Refugee, illegal

English speaking EngSpk LIHC intake l=Yes
2=No

Country of origin (by 
broad category)

OrCode Both l=Canada, US, Caribbean*
2=Europe 
3=Latin America 
4=Africa
5=South West Asia, West Asia, 
South Asia 
6=South East Asia

Aboriginal Canadian AborCan Antenatal l=Yes
2=No

Education level EduGrp LIHC intake l=College, University, or Part
University
2=Highschool Complete, Part 
Highschool
3=Elementary Complete, Part 
Elementary, No Formal Education

Household income Income LIHC intake 1=0-14,999
2=15,000-19,999
3=20,000-24,999
4=25,000-29,999
5=30,000+

Occupation specified OccYN Antenatal l=Specified Employment
2=No Specified Employment

Marital status Martial Antenatal 1=S ingle
2=Common Law
3=Separated
4=Married

Poor social support 
(self-identified)

PoorS S Antenatal l=Yes
2=No

Homelessness (self- 
identified, at time of 
last pregnancy)

Home Both l=Yes
2=No

Any information 
provided on father, 
including age, 
occupation and 
education

Fathlnfo Antenatal l=Any Father Information
Provided
2=No Father Information 
Provided

*Caribbean patients were categorized with Canada and the United States for geographic reasons 
(as a member of North America) in the absence of a close cultural match.
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Table 4.2: Complete list of behavioural variables collected
Variable Code Source Levels

Smoking status (self- 
identified, at time of 
current pregnancy)

Smoke Antenatal l=Yes
2=No

Alcohol or drug use 
(self-identified, at time 
of current pregnancy)

AlcDrug Antenatal l=Yes
2=No

Indicated substance 
abuse problem (self- 
identified, at time of 
current pregnancy)

SubAb2 Antenatal l=Yes, patient indicated
substance abuse problem 
2=Patient indicated no substance 
abuse problem, or did not answer

Indicated family 
violence (self- 
identified, at time of 
current pregnancy)

FamVi4 Antenatal l=Yes, patient indicated family
violence
2=Patient indicated no family 
violence, or did not answer

Involvement of the 
Children’s Aid Society 
in care of children (self- 
identified, at time of 
current pregnancy)

CAS Both l=Yes
2=No
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Table 4.3: Complete list of bio-medical variables collected

Current age Age Antenatal N/A (continuous)
Index age (age as of 
index pregnancy)

AgeAdj Antenatal N/A (continuous)

Total number of 
pregnancies

Gravida Antenatal N/A (continuous)

Number of previous 
pregnancies before 
current

GravAdj Antenatal N/A (continuous)

Number of pregnancies 
carried to term (>37 
weeks)

Term Antenatal N/A (continuous)

Number of pregnancies 
delivered prematurely 
(<37 weeks)

Premat Antenatal N/A (continuous)

Number of lost 
pregnancies 
(spontaneous or 
through terminating 
abortion)

Abortus Antenatal N/A (continuous)

Experience of 1 or 
more stillbirths 
(occurring after 28 
weeks gestation)

Still2 Antenatal 1= > 1 stillbirths 
2= No stillbirths

Number of living 
children

Living Antenatal N/A (continuous)

Experience of a 
previous short 
interpregnancy interval 
(< 6 months)

PrevIPI Antenatal l=Yes
2=No

Psychiatric diagnosis 
(by broad category)

PsyCat Antenatal l=None 
2=Depression 
3=Other diagnosis

4.1.4 Variable Measurement

4.1.4.1 Outcome Variable

An interpregnancy interval is the time that passes between still or live birth and next 

conception, based on date of birth and last menstrual period. Stillbirth is distinguished from
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spontaneous abortion or miscarriage at 24 weeks gestation. A short interpregnancy interval is an 

interpregnancy interval of six months or less. This study examines the occurrence of a short 

interpregnancy interval in participant’s most recent pregnancy.

4.1.4.2 Predictor Variables 

Continuous

Categorization of continuous variables was avoided to prevent any loss of information.64 

All continuous variables were modelled using quadratic terms to ensure flexibility when a linear 

relationship is inadequate. Quadratics were only retained in the final model when statistically 

significant.

Categorical

Categorical variables were collapsed into fewer categories when appropriate to conserve 

degrees of freedom, and modelled using dummy variables.

4.2 Statistical Analysis

The analysis techniques used in this study were chosen specifically to deal with the 

challenges that arise when working with a small sample. The goal was to make the results as 

generalizable as possible by avoiding data dependency; that is, trying to ensure the results do not 

depend on this particular data set.

4.2.1 Model Type

The outcome of interest is binary, comparing those who experienced a short 

interpregnancy interval in their most recent pregnancy with those who did not. Therefore, 

logistic regression was employed. This model has several advantages over other techniques,
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including that few distributional assumptions are made, and results lend themselves to easy 

interpretation through the provision of odds ratios.65

4.2.1.1 Model Assumptions

Linearity

In logistic regression, it is assumed that each predictor is linearly related to the log odds 

of outcome.64 This assumption is of no concern for categorical variables, and was assessed in 

continuous variables by introducing quadratic and higher-level terms into the model.

Collinearity

A key concern when using stepwise variable selection is ensuring that variables are not 

highly correlated, or collinear. If collinear variables are left in the model, variable selection is 

made arbitrary because variables representing the same phenomena are competing for spots in 

the model.66 As a result, regression coefficients become difficult to interpret because there is 

inadequate information on the effect of one variable when it is assumed that all other variables in 

the model are controlled for.66 In this analysis, the collinear relationship between variables was 

assessed using the VARCLUS procedure in the R Design library.

4.2.2 Missing Data

Careful treatment of missing data is essential to the validity of any regression model. 

Because the results of this study are intended for application in clinical settings, extra care had to 

be taken to select variables that would be available without placing an additional burden on the 

clinic, or requiring extensive imputation. Techniques for dealing with missing data were selected 

based on the magnitude of missingness.
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4.2.2.1 Single Imputation

A number of candidate variables (n=9) had between 0.5% and 5.7% missingness. Based 

on a series of simulation studies, Harrell found that when missingness is 5% or less, an analyst’s 

choice of imputation technique will not have an effect on the fit of the model.66 When this 

condition is met, he advocates imputing the median value in the case of categorical variables, 

and the mean value in the case of continuous variables, a strategy known as ‘single imputation.’ 

The small proportion of missingness circumvents concerns with single imputation, namely the 

underestimation of variance and standard error, which biases regression coefficients.67

Assuming that 5% is a relatively arbitrary cut point, this rule has been extended to 

variables with up to 5.7% missingness. For a complete list of variables affected by single

imputation, see table 4.4.

Table 4.4: Summary of missingness in variables affected by single imputation

Psychiatric diagnosis by category PsyCat 1.6
Marital status Martial 0.5
Previous short interpregnancy interval PrevIPI 6.2
Homelessness Home 1.6
Alcohol or drug use AlcDrug 3.7
Relationship problems RelatProb 5.7
Poor social support PoorS S 4.1

4.2.2.2 Variable Redefinition

Several collected variables (n=5) had large amounts of missingness but were still 

desirable as part of the model. In some circumstances, missingness itself was seen as valuable 

information, so variables were redefined to accommodate missingness.

All variables relating to paternal relationships - including the father’s age, income, and 

occupation - were collected with substantial missingness (between 36.1% and 89.0%). This
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missingness does not appear to be random, and appears to be ‘non-ignorable’ (meaning that there 

is a connection between the occurrence of missingness and the value of the variable). In this 

particular population, a lack of paternal information, or an unwillingness to share this 

information, may be informative in itself. Therefore, all three paternal variables were recoded 

together as a binary variable: any fatherly information provided (yes/no).

The same strategy was used for substance abuse problems (a substance abuse problem 

was indicated [yes/no]), and family violence (family violence was indicated [yes/no]). In these 

cases, ‘no’ does not necessarily mean that there is an absence of substance abuse problems or 

family violence, but rather that it was not indicated. See table 4.5 for details.

Table 4.5 Summary of missingness in variables that were redefined

Father’s occupation FathOcc 66.5
Father’s education FathEdu 89.0
Father’s age FathAge 36.1
Indicated substance abuse problem SubAb 6.2
Indicated family violence FamViol — 12.0

4.2.2.3 Exclusion

One variable was excluded from the analysis for excessive missingness with no 

possibility of redefining or imputing missing values: contraceptive use and type. With 46.6% 

missingness, this variable was not routinely collected and it is likely that it will not be routinely 

collected in future patients, making it an unstable predictor.

Two variables, income and education, had a moderate amount of missingness (15.7% and 

14.1% respectively), but posed problems in terms of imputation (see table 4.6). Though both 

variables intuitively seem as though they may be good candidate predictors, they were excluded

from the final model for different reasons.
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Income was excluded from the model due to a lack of variability. 92% of participants had 

a personal income of $14,999 or less, which is the lowest income group collected. This 

homogeneity meant that this variable was not a good candidate for a more complex imputation 

technique, and that it was unlikely to be a good predictor.

Education was excluded after conducting a complete case analysis, an analysis based 

only on cases where the variable was available,68 and finding no association between the variable 

and the outcome of interest. If an association had been found, a more complex imputation 

methods such as multiple imputation would have been performed.

Table 4.6: Summary of variables deleted from the model due to problematic missingness

Income Income 15.7
Education level Edu 14.1

4.2.3 Bivariate Analysis

4.2.3.1 Continuous Predictors

The independent association between each continuous predictor and the outcome variable 

was assessed using t-tests. Predictor variables with a p-value of 0.5 or less were entered into the 

multivariable model. P<0.5 was chosen as a cut-point in order to narrow down the number of 

variables initially entered into the model by eliminating variables with little to no crude 

association with the outcome.

4.2.3.2 Categorical Predictors

The independent association between each categorical predictor and the outcome variable 

were assessed using Pearson’s chi-square tests. As with continuous variables, predictors with a 

p-value of 0.5 or less were entered into the multivariable model.
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It is important to pare down the number of variables used in the final model further to 

avoid marrying the model too closely with the idiosyncrasies of this particular dataset, a problem 

related to the concept of ‘overfitting.’64 The goal was to identify trends that best describe the 

phenomena in general, as opposed to what is happening in this sample population.64

In order to avoid overfitting, Harrell suggests aiming for roughly m/10 predictor degrees 

of freedom, where m is the number of events or cases, and degrees of freedom are based on the 

number of continuous variables and the number of levels of categorical variables.64

There are a variety of variable-selection techniques available that are aimed at 

determining the best subset of variables to use in the final model depending on the specific aims 

of the analysis. This project aimed to predict which women are at greatest risk of experiencing a 

short interpregnancy interval based on variables already collected by the LIHC prenatal clinic 

and other Ontario prenatal clinics.

Since the literature on significant predictors of short interpregnancy intervals is sparse, 

backward elimination stepwise variable selection was employed. Despite the recent decline of 

‘deterministic’ modes of variable selection, this method was preferential because all variables are 

given equal footing and are then eliminated based on importance, as specified by a pre­

determined decision rule. This occurs without any prior knowledge of significant associations.69

In this case, variables were eliminated from the model based on a p-value cut-point of 

0.25 in one model, and 0.1 in the next. These levels were chosen in order to sufficiently limit the 

number of predictors in the model while avoiding eliminating important variables prematurely, 

which can occur when using the traditional p-value of 0.05.69

4.2.4 Variable Selection
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In order to assess the quality of the model, several techniques were used that assess 

predictive accuracy, namely discrimination and calibration.

4.2.5.1 Discrimination

Discrimination refers to the model’s ability to accurately distinguish between cases and 

controls. In this analysis, discrimination was assessed using a measure of concordance, otherwise 

known as the c-index.65 The c-index is equivalent to the area under a receiver operator 

characteristic (ROC) curve, which plots sensitivity (true positives) against 1-specificity (true 

negatives). A c-index of 0.5 indicates a complete absence of predictive discrimination, while a c- 

index of 1.0 indicates perfect sensitivity and specificity. A c-index of 0.8 is conventionally 

considered good discrimination.66

4.2.5.2 Calibration

In order to assesses reliability, that is, to determine how well the model is able to estimate 

the outcome in an unbiased manor, calibration was used.66 After bootstrapping the sample 1,000 

times, reliability was measured by determining whether there is agreement between predicted 

and observed probabilities. This was done by comparing the observed and biased corrected slope 

to the ideal slope.65 Ideal calibration is indicated by an intercept of 0 and a slope of 1. If the 

intercept is less than 0, predicted probabilities are too low on average, and if it is above 0 

predictions are too high. A slope of less than 1 indicates that the regression coefficients were 

biased toward the extreme (either high or low) on average, and a slope greater than 1 indicates 

they were biased toward to zero. These estimates were obtained using the VALIDATE function

4.2.5 Performance Evaluation
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in the R Design library, and will be displayed graphically using the CALLIBRATE function in 

the R Design library.

As a reference, bootstrapping is a technique that offers information about the population 

the sample originated from by creating a set number of new samples from the original sample by 

drawing with replacement.65 In this example, 1,000 unique samples of 191 participants were 

created by drawing with replacement from the original 191 participants. Bootstrapping is 

preferred over techniques such as data-splitting, which develops the model on half of the sample 

and tests it on the other half, because of its use of the entire sample for both the development and 

assessment of the model.64

4.2.6 Clinical Application

4.2.6.1 Nomogram

As specified in research objective 2, an important element of this project was to provide 

the LIHC and other health centres with a practical tool to apply the results of this analysis in their 

prenatal clinic. Given that the LIHC prenatal clinic has not yet fully transitioned to an electronic 

charting system, a paper-based tool in the form of a predictive nomogram is appropriate. The 

nomogram will allow clinicians to calculate an individual patient’s risk of experiencing a short 

interpregnancy interval with ease using the predictors deemed most important in the logistic 

regression model.
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5 Chapter Five: Results

5.1 Descriptive Statistics

5.1.1 Descriptive Statistics of Full Sample

In total, 191 patients were included in the final analysis. The average age of participants 

at most recent birth was 25.23 (SD +/-5.84), and ranged from 13 to 42. The average age at 

current pregnancy was 28.51 (SD +/- 6.20), and ranged between 17 and 44. In accordance with 

the inclusion criteria, all patients included in the study had at least one pregnancy resulting in 

live birth, but participants had an average gravida of 3.01 (SD +/- 2.27), ranging from 1 to 12 

before current pregnancy. Participants had between 0 and 7 living children, with an average of 

2.12 (SD+✓ -1.45).

As indicated in table 5.1, the greatest proportion of participants (41.05%) were married at 

the time of most recent pregnancy. 32.63% were single, 22.11% cohabitating, and 4.21% were 

separated. There was very little variability in the yearly personal income of participants. Only 

7.45% (n=12) of participants indicated having a yearly personal income $15,000 or greater in the 

year before current pregnancy. The majority (55.5%, n=132) of participants had at least some 

high school education, while 2.44% (n=4) had no formal education, and 19.5% (n=32) had some 

post-secondary education.

The vast majority of participants (78.95%, n=150) speak at least some English, and 

52.91% (n=100) speak English only. Most participants (64.64%, n=l 17) were Canadian citizens, 

47 (25.96%) were permanent residents; 1 participant (0.55%) held a visitor’s visa; 15 

participants (8.29%) held refugee status; and 1 participant (0.55%) had no legal status in Canada.
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Only 46.03% (n=87) of participants were bom in Canada. Patients included in this 

sample came from 42 countries in five continents and spoke 19 languages. Of those bom in 

Canada, 15 (17.24%) participants identified as Aboriginal Canadian. Thus, Aboriginal Canadians 

constitute 7.89% of the total sample. Overall, nearly half (49.73%, n=93) of participants 

originated somewhere in North America. 8.56% (n=16) came from South America, 19.79% from 

Asia, 14.97% from Africa, and 6.95% from Europe. To see a complete breakdown of continent 

and country of origin, see appendix D.

Table 5.1: Descriptive statistics - full sample
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Marital S ta tu a tfn ^ 9 0 5 ^
Married 78 41.05
Common law 42 22.11
Separated 8 4.21
Single 62 32.63

Yearly Income (n=161)
$0-$14,999 149 92.55
$15,000-$19,999 9 5.59
$20,000 -  $24,999 1 0.62
$25,000 -  $29,999 0 0
$30,000 -  $34,999 1 0.62
$35,000 -  $39,999 1 0.62

Highest Level of Education Attained (n=164) i

No Formal Education 4 2.44
Some Elementary 3 1.82
Elementary Complete 25 15.24
Part High School 41 25.00
High School Complete 59 35.98
Some College 17 10.37
Some University 15 9.15

Immigration
Canadian Citizen 117 64.64
Permanent Resident 47 25.96
Visitor Visa 1 0.55
Refugee 15 8.29
Illegal 1 0.55
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5.1.2 Descriptive Statistics of Cases

Women who experienced a short interpregnancy interval between their most recent birth 

and subsequent pregnancy were, on average 26.30 years of age (+/-6.97) at last birth, and 26.45 

(SD +/- 6.81) at current pregnancy, compared to 25.11 (SD +/-5.70) in controls. Cases had an 

average of 3.20 (SD+/- 2.06) previous pregnancies, ranging between 1 and 9, compared to 2.98 

(SD +/- 2.29, range 1 to 12) in controls. They had an average of 2.3 (SD +/- 1.62) living 

children, ranging from 0 to 6.

Thirty-five percent (n=7) of patients identified as cases were in a common law 

relationship at current pregnancy. Twenty five percent (n=5) were married, 10% (n=2) were 

separated, and 30% (n=6) were single. Similar to the total sample, there was very little 

variability in the yearly personal income of cases. Only 1 participant earned more than $14,999, 

reporting an income of $15,000-19,999. Fifty percent (n=9) of cases had attained at least some 

high school education. At the extremes, 1 case had no formal education, and 2 had some 

university or college education.

Seventy percent (n=14) of participants identified as cases speak English, while 30% 

(n=6) did not. Approximately 63% (n=12) were bom with or have attained Canadian citizenship, 

21.05 (n=4) had permanent resident status, and 5.26% (n=3) were either refugee claimants or 

held no legal status. Cases bom outside of Canada came from 9 different countries and spoke 5 

different languages. Twenty percent (n=2) of cases bom in Canada identified as being Aboriginal 

Canadian. For a complete profile of continent and country of origin among cases see appendix E.

>«

»

3
9



40

Table 5.2: Descriptive results - cases

■:, s *■ * \  :
Married 5 25
Common law 7 35
Separated 2 10
Single 6 30

Yearly Income (n=18)
$0-$14,999 17 94
$15,000-$19,999 1 6
$20,000 -  $24,999 0 0
$25,000 -  $29,999 0 0
$30,000 -  $34,999 0 0
$35,000 -  $39,999 0 0

Highest Level of Education Attained (n=19)
No Formal Education 1 5.6
Some Elementary 0 0
Elementary Complete 4 22.2
Part High School 4 22.2
High School Complete 7 38.9
Some College 1 5.6
Some University 1 5.6

Immigration Status (n=19) ■
Canadian Citizen 12 63.2
Permanent Resident 4 21.1
Visitor Visa 0 0
Refugee 2 10.6
Illegal 1 5.3

5.2 Model-Based Results

5.2.1 Checking Model Assumptions

5.2.1.1 Linearity

The only continuous variable entered into the final model was age at last birth. The 

linearity assumption was assessed by adding age2, a quadratic term, into the model. This was not 

significant, and did not improve the fit of the model. Therefore, linearity was assumed.



5.2.1.2 Collinearity

Created using the VARCLUS procedure in the Design library of R, figure 5.1 

demonstrates the relationship between all variables and the level of correlation, measured using 

squared Spearman rank correlation coefficients, which can be seen along the Y-axis.

Figure 5.1: Collinear relationship between variables
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Based on figure 5.1, depression status (Depress) and category of psychiatric diagnosis 

(PsyCat) were removed from the model because they were highly correlated (p =~0.7) with 

occurrence of psychiatric diagnosis (PsychDiag). Occurrence of psychiatric diagnosis was 

chosen over they other two variables because of its significant association with the outcome 

variable. Identified parenting concerns (ParCon) was also deleted due to excessive correlation 

with the presence of Children’s Aid Society in the care of living children (CAS).
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Table 5.3: Bi-variate associations in continuous predictors using t-tests

Current age 189 -2.30 0.12*
Index age 189 1.19 0.39*
Gravida 189 0.21 0.69
Number of pregnancies carried to term 189 0.14 0.68
Number premature 189 0.02 0.84
Number of abortuses 189 0.01 0.97
Number terminated 20.4** 0.14 0.53
Number of spontaneous terminations 30.3** 0.08 0.65
Number of stillboms 30.1** -0.02 0.72
Number living 189 0.21 0.55
♦Significant at P<0.5 level
♦♦Degrees of freedom have decimal places because they were conducted using t-tests for 
unequal variances

5.2.2.2 Categorical Predictors

Categorical variables were examined separately using chi-square tests. Immigration status 

(Immig); ability to speak English (EngSpk); involvement of the Children’s Aid Society (CAS); 

employment indicated (OccYN); marital statuts (marital); previous short interpregnancy interval 

(PrevIPI); having poor social support (PoorSS); having a diagnosis of depression (Depress); 

identifying as having a substance abuse problem (SubAb/SubAb2); identifying as experiencing 

family violence (FamVi/Fam4); having parenting concerns (ParCon); having a psychiatric 

diagnosis (PsychDiag); and psychiatric diagnosis by major category (PsyCat) were statistically 

significant at p<0.5. Results are listed in table 5.4.
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Table 5.4: Bi-variate associations in categorical predictors using chi-square tests

Immigration status 6 9.05 0.17*
English speaking 1 1.11 0.29*
Country of origin 5 2.07 0.84
Aboriginal Canadian 1 0.14 0.71
Education 7 2.72 0.91
Income 4 0.36 0.99
Children’s Aid Society 1 4.38 0.04*
Occupation specified 1 2.16 0.14*
Marital status 3 5.01 0.17*
Fatherly information 1 0.00 0.97
Stillborn birth 1 0.00 0.96
Previous short IPI 1 4.55 0.03*
Smoking status 1 0.00 0.98
Alcohol or drug use 1 0.31 0.58
Poor social support 1 1.61 0.20*
Depression 1 1.04 0.30*
Substance abuse problem 1 3.42 0.06*
Indicated substance abuse problem 1 4.15 0.04*
Family violence 1 2.50 0.11*
Indicated family violence 1 2.02 0.16*
Parenting concerns 1 1.84 0.17*
Psychiatric diagnosis 1 2.45 0.12*
Psychiatric diagnosis by type 2 1.43 0.49*
Homelessness 1 0.06 0.81
*Significant at P<0.5 level

5.2.3 Variable Selection

Backwards step-wise elimination was first performed with a cut-point for inclusion of 

p<0.25 to allow the maximum number of significant variables to work together in forming the 

final set of variables entered into the model. Two variables were removed as a result. The model 

produced by this variable selection cut-point is referred to as ‘Model 1.’

In order to limit the number of variables entered into the final model and avoid

overfitting, backwards elimination was re-run with a cut-point for inclusion of p<0.1. Using this 

criterion, four variables were eliminated. The model produced using this cut-point will be

referred to as ‘Model 2.’
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5.2.4 Main Effects Model 1

Model 1 was created using all variables that met the p<0.5 cut-point in the bivariate 

analysis, and was trimmed down further using backwards elimination with a cut-point of p<0.25. 

According to this analysis, the odds of experiencing a short interpregnancy interval are 13.88 

times greater for refugee claimants or illegal immigrants as Canadian citizens (95% Cl: 1.59, 

121.15), holding all other variables in the model constant, and women who are common law as

opposed to married are 7.94 more likely to experience a short interpregnancy interval (95% Cl: 

1.17, 54.09). Women who had an identified occupation were less likely to experience a short 

interpregnancy than those with no specified occupation, holding all other variables in the model

constant (OR: 0.23; 95% Cl: 0.07,0.81). See table 5.5 for details. 

Table 5.5: Model 1 results: logistic regression

Immigration status
Canadian citizen 1.00 —

Permanent resident 3.25 0.57, 18.38
Refugee/illegal 13.88 1.59, 121.15

Children’s Aid Society 3.64 0.87, 15.16
Index Age 1.11 1.00, 1.23
Occupation specified 0.23 0.07, 0.81
Marital status

Single 2.60 0.39, 17.46
Common law 7.94 1.17, 54.09
Separated 6.35 0.60, 67.47
Married 1.00 ~

Previous short IPI 3.70 0.84, 16.39
Poor social support 2.18 0.63, 7.60
Psychiatric diagnosis 0.43 0.118,1.55

)
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5.2.5 Main Effects Model 2

Similarly, model 2 was created using all variables that met the p<0.5 cut-point in the 

bivariate analysis. But, to limit the number of variables allow into the model, backwards
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elimination was employed with a more stringent cut-point of p<0.1. According to this analysis, 

the odds of experiencing a short interpregnancy interval are 10.56 times greater for refugee 

claimants or illegal immigrants as Canadian citizens (95% Cl: 1.36, 81.70), holding all other 

variables in the model constant, and women who are common law as opposed to married are 7.16 

times more likely to experience a short interpregnancy interval (95% Cl: 1.43,44.81). Similar to 

model 1, women who had an identified occupation were less likely to experience a short 

interpregnancy than those with no specified occupation, holding all other variables in the model 

constant (OR: 0.30; 95% Cl: 0.10, 0.94).

In addition to the significant variables found in model 1, involvement of the Children’s

Aid Society was significant in model 2. Women with Children’s Aid Society involvement were

4.93 times more likely to experience a short interpregnancy interval, compared to those without, 

holding all other variables in the model constant (OR: 4.93; 95% Cl: 1.28,18.72). See table 5.6 

for details.

Table 5.6: Model 2 results: logistic re

Immigration status
Canadian citizen 1.00 —

Permanent resident 2.12 0.44,10.15
Refugee/illegal 10.56 1.36,81.70

Children’s Aid Society 4.93 1.28, 18.72
Index Age 1.10 0.99, 1.21
Occupation specified 0.30 0.10, 0.94
Marital status

Single 3.33 0.52,21.40
Common law 7.16 1.43,44.81
Separated 6.30 0.63,63.18
Married 1.00 —

Previous short DPI 3.50 0.82, 14.89
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5.3 Performance Evaluation

5.3.1 Discrimination

Predictive discrimination was assessed using the c-index. In model 1, the c-index was 

0.797, and 0.781 in model 2. This indicates fair predictive ability, as good predictive ability is 

generally considered 0.8 or higher.

5.3.2 Calibration 

Model 1

Bootstrapped results estimated the calibration intercept to be -0.82 in model 1, which 

indicates that predictions were high on average; as discussed above, the ideal calibration 

intercept is 0. The calibration slope is 0.52, when the ideal is 1, indicating that regression 

coefficients may be overestimated and results were pushed toward the extremes. The predictive m
•m

accuracy of the model using 1,000 bootstrapped samples is displayed in figure 5.3. The line *
)

representing the ideal probability is the true probability; the line representing the apparent m
m

probability are the results of prediction on the original dataset; and the line representing the bias- I
I

corrected probability is applied on the new, bootstrapped datasets. The predicted probabilities j
*\

rise above and fall below the ideal probability occurs because it is a smooth non-parametric

curve.
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Figure 5.3: Predictive Accuracy of Model 1

Clustering of Participants According to Risk

Model 2

In model 2, bootstrapped results estimated the calibration intercept to be -0.78. The 

calibration slope is 0.57. As in model 1, this indicates that risk estimates are overestimated on 

average, and regression coefficients are overestimated, causing polarized risk estimates. The 

predictive accuracy of model 2 is presented in figure 5.4.
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Figure 5.4: Predictive accuracy of model 2

Clustering of Participants According to Risk

5.4 Clinical Application

5.4.1 Nomogram

The predictive nomogram allows clinicians to determine the individual risk of becoming 

pregnant within 6 months of previous birth based on a variety of variables collected in routine 

practice. The nomogram is used by determining the point value of each variable by following the 

patient’s response to the attributed value at the top of the nomogram. Total points are then tallied 

and the corresponding probability is given at the bottom of the nomogram. It is up to individual 

clinicians to determine the level of risk that warrants preventative action. The nomogram based 

on Model 1 is presented in figure 5.5, and the nomogram based on Model 2 is presented in figure

i«
t

1
Ì

10

5.6.
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Figure 5.5: Model 1 nomogram
To use: by determine the point value of each variable by following the patient’s response to the 
attributed value at the top of the nomogram. Total points are then tallied and the corresponding 
probability is given at the bottom of the nomogram.
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6 Chapter  Six : D iscussion

6.1 Discussion of findings

6.1.1 Bivariate and Multivariate Analyses

The goal of these analyses was to determine a subset of variables that identify women at 

risk of becoming pregnant within six months of giving birth using data already collected at the 

LIHC prenatal clinic. The individual variables and sets of variables that were shown to be the 

best predictors of short interpregnancy intervals must be interpreted cautiously, as we do not 

have sufficient information to make causal inferences.

Since there have been few studies looking at potential predictors of short interpregnancy 

intervals, it is difficult to determine why these predictors are statistically significant. It is possible 

that women that have previously experienced a short interpregnancy interval are at greater risk of 

experiencing another because they are choosing to have children closely spaced. This may be 

related to increased age, a variable that is approaching statistical significance, as it has been 

found in previous studies that women who delay childbearing tend to have significantly shorter 

birth-to-conception intervals.70

While the occurrence a previous short interpregnancy interval as a strong predictor is 

likely due to choice, it is possible that common-law status is a strong predictor of short 

interpregnancy intervals because of high rates of unintended pregnancies. This could be the case 

because many women in this group have never been married, which is a marker for risk for 

unintended pregnancy as discussed above.23 This risk may be attenuated by the occurrence of 

regular sexual activity without concern for protection against sexually transmitted infections, 

which may compromise the use of contraceptive measures.
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There are several possible explanations for why refugee status is a strong predictor of the

occurrence of a short interpregnancy interval. The first is that attitudes toward birth control and

family planning in the patient’s country of origin or according to their religious beliefs may be

prohibitive. The second is that holding refugee status is an indicator that the patient has

experienced a period of time without health care coverage, or with insufficient coverage, which

would limit their ability to access contraceptive measures if they chose to.71,72 Even health

services directly aimed at refugees often omit family planning services because of the belief that

refugee status is short-term, which is often not the case.73

It difficult to speculate why the involvement of the Children’s Aid Society is a strong

predictor of short interpregnancy intervals. Anecdotally, LIHC clinicians noted that some women

who have had children removed from the home by CAS have chosen to have additional children

quickly to have a fresh start at parenthood. But, given the highly collinear relationship between

CAS involvement and other variables such as poor social support, parenting concerns and !
Iidentified substance problems, it is also possible that the involvement of CAS actually identifies
*

a particularly disadvantaged group of women that may have compromised reproductive j
I

autonomy74 and higher rates of unintended pregnancies.23 *
1i*

It is difficult to understand and interpret many of the other variables in the model that m

were not statistically significant because the confidence intervals are wide, and the direction and 

magnitude of the associations are therefore unreliable. Further, it is not surprising that significant 

predictors found in this study were not analogous to previous predictive studies, as this analysis 

was conducted on a highly specialized population.



6.1.2 Model Performance

Overall, model 2 is preferable over model 1 due to the equivalence in performance, and 

benefits that arise from needing a fewer number of variables. Utilizing fewer variables means 

that there is less of a chance of missingness, and the nomogram is easier to apply because there 

are fewer scores to add.

Both model 1 and 2 demonstrated a level of discrimination that approached the standard 

cut-point for good discrimination, but both had predictive ability that was limited when applied 

to the bootstrapped sample. This is likely indicative of overdependence on the idiosyncrasies of 

the dataset the model was developed on, which is evidenced by the fact that it seemed to predict 

well in that sample. Inevitably, this issue is a byproduct of sample size limitations.

6.2 Clinical Relevance/Applications

6.2.1 Generalizabilitv

Due to the fact that this analysis was based on a small sample with a low number of 

cases, the generalizability of these results are limited. As reported in section 5.3.2, the predictive 

accuracy of this model is strong in the sample it was created in, but is compromised in the 

bootstrapped samples and should be applied with caution as a result.

This model is most appropriate for prospective use at the London Intercommunity Health 

Centre’s prenatal clinic, and secondarily in clinics that serve a population with similar 

demographic characteristics and immigration patterns. Further, the application of this model is 

dependent on the use of the forms used in this analysis, or the collection of comparable 

information. Thus, clinics that have switched to an electronic medical record system may not

have access to the same information.
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6.3 Implications for Prevention

The ability to calculate the risk of experiencing a short interpregnancy interval for 

individual patients is highly useful from a public health perspective. There are a number of 

simple actions that can be taken to avert the negative outcomes associated with insufficient birth 

spacing that can be offered once a patient is identified as being high risk. In many cases, 

knowledge of the risk of adverse health outcomes associated with becoming pregnant within six 

months of giving birth alone may act as a preventative measure.

6.3.1 Family Planning and Access to Birth Control

An obvious way to avert the risks associated with short interpregnancy intervals is to 

ensure that high-risk patients have access to family planning counselling and contraception if it is 

of interest to them. Beyond providing basic access to services, an effective intervention would 

acknowledge that the contraceptive priorities of women who have previously given birth are 

different from those who have not, and the method of birth control they were previously using 

may no longer be desirable.75 Among women studied in Atlanta, Georgia, women who were 

post-partum largely agreed that the ideal method of birth control would be reliable, effective, and 

reversible, and prioritized concerns about safety during breastfeeding.75

According to Edouard, family planning services aimed at underserved populations are 

most effective when they focus on informed choice, access to services, and lack of prejudice,74 

and should be cognizant of the fact that that over a third of women who experience unplanned 

pregnancies express a general dissatisfaction with their prior method of birth control.75
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6.3.2 Folate Supplementation

For those who are choosing to conceive shortly after birth, a simple way to diffuse the 

risk associated with short interpregnancy intervals is to offer high-risk mothers additional folate 

supplementation at birth to reduce post-natal deficiency. The use of folate supplementation has 

been shown to be effective in mitigating the effect of short interpregnancy intervals on several 

outcomes, including low birthweight. Early folate use accompanying a short interpregnancy 

interval is associated with a decrease in birthweight of just 5.9 grams (SD +/-33.6 grams) 

compared to moderate interpregnancy intervals, while the late use of folate is associated with a 

decrease of 33.5 grams (SD +/-35.6 grams), and a decrease of 165.2 grams (SD +/- 39.6 grams) 

is associated with no folate supplementation.

Both access to family planning services and contraception, and early folate 

supplementation, are interventions that are early to implement and prioritize the autonomy of the 

patient,

6.4 Knowledge Transfer

An important part of the aim of this project is to ensure that the results are useful to the 

LIHC prenatal clinic. In order to ensure they have easy access to results, in addition to providing 

a copy of this text, a plain language summary has been developed. This summary is suitable for 

clinicians, administrators and patients. Additionally, the clinic has been involved in providing 

input on the format of the clinical tool in order to ensure it is as accessible and useful as possible.

6.5 Strengths

The greatest strength of this project is the ease with which results can be applied in a 

clinical setting. This study was designed to meet a clinic-identified need, and, if successful,



would do so with minimal burden on the clinic. This is because the data used was already 

collected in regular practice, and the nomogram can be used to calculate an individual’s risk with 

little effort.

Another strength of this study stems from the use of clinical data. The use of information 

from forms mandated by the Ontario government makes it possible to apply the model in other 

clinical settings, therefore increasing generalizability.

6.6 Limitations

6.6.1 Sample Size

The most significant limitation of this study is the small sample size. Upon applying for 

approval from the Health Sciences Research Ethics Board at the University of Western Ontario, 

a formal sample size calculation was completed based on estimates of both the number of 

patients served per year by clinicians and the number of patients that would have experienced a 

previous birth, thus qualifying them for participation in this project. Unfortunately, the London 

Intercommunity Health Centre serves a limited number of patients, and far fewer than expected 

had experienced a previous birth. Thus, fewer patient files were available for inclusion than 

expected. We could not determine how many patients had experienced a previous live or still 

birth in advance because paper charts are still being used. Further, because this study was 

completed in its entirety in under 15 months, pilot testing could not be completed to determine 

the number of patients that would qualify for inclusion.

The effects of the sample size used in this analysis are far-reaching. First, interpretation of 

the results of this analysis, particularly odds ratios, is compromised by large confidence intervals. 

Second, despite best attempts to avoiding overfitting, it is likely that the results are bound too
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closely to the idiosyncrasies of this dataset. A larger sample is needed to enhance the 

effectiveness of this model.

6.6.2 Use of Data Not Intended for Research

Another limitation of this study is the use of previously collected data that was not 

intended for research purposes. This inhibited our ability to explore a broader range of potential 

predictors based on existing literature and intuition. Further, the use of non-research data 

removed the ability to attempt to standardize the way questions were asked to patients, and the 

level of detail.

An additional limitation that arises from the use of this data source is that the utility of the 

model may be compromised if the provincially mandated forms are changed, or if this or other 

clinics switch to an electronic medical record system that does not include the same questions.

6.6.3 Temporality

This study is also limited by the fact that charted data were collected at first prenatal visit 

for the current pregnancy, that is once the birth-to-conception interval had already taken place. 

This is problematic because several of the factors may change from previous birth to current 

conception. Since the purpose of the project is to predict forward, some of the variables used in 

this analysis may not reflect their status at the desired time point.

6.7 Future Steps

In order to assess the utility of routinely collected clinical data in predicting short 

interpregnancy intervals, this model should be re-run using the same analysis techniques in a 

larger sample. This could be done quite simply if investigators had access to a larger patient
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population, and electronic medical records. Further, it would be helpful to have more detailed 

information on mode of index birth,76 breastfeeding status, and contraceptive use among patients.

In future models, both internal and external validation should occur by measuring the 

predictive accuracy prospectively in the population it was created in, and in other populations. If 

successful, this could be a highly useful tool in preventing negative health outcomes associated 

with short interpregnancy intervals, especially in underserved populations.

Finally, in order to gain a better understanding of why the variables identified in this study 

are important predictors of short interpregnancy intervals, and to better understand the reasons 

why women become pregnant again within six months of giving birth, a qualitative study should 

be conducted.

6.8 Conclusion

From its inception, a key aim of this project was to minimize the burden on the LIHC 

prenatal clinic while maximizing the utility of results. This aim is both the project’s greatest 

strength and greatest weakness, as it limited the data available and sample size, but ensured the 

results can be applied in a clinical setting. Despite challenges, results may be applied cautiously 

in the London Intercommunity Health Centre prenatal clinic, and perhaps more broadly with 

additional testing.
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Appendix B: Antenatal Record 1

Ontario
Medical
A ssociation

Patient's Last Name

Address -  number, street name

In conjunction 
with the

®  Ontario
Ministry of Health 
and Long-Term Care

Patient's First Name

Apt/SuiteAJnit

A nten atal R e c o rd  1

City/Town Province Postal Code Partner's Last Name Partner’s First Name

Telephone • Home Telephone- Wort Language Partner's Occupation j Partner's Educational level Age

Date of birth Age Occupation Educational level Ethnic or Racial backgrounds: Mother / Father

OHIP No. Patient File No. Marital status Birth attendant Newborn care Family Physician

Allergies or Sensitivities (describe reaction details) Medications/Herbals

1 Pregnancy Summary 1
LMP Certain Yes 0  No D

Cycle q ______ Regular Yes □  No □

Contraceptive type Last used • *'

EOB (by dates) Final E D B  Patina Method

□  Dates
□  T ,  U S  

Q  T 2U S

D A R T  (e.g. IV F )Gravida Term Premature j Abortuses Living

Obstetrical History
Year Sex

M/F
Gest. age 
(weeks)

Birth
weight

Length of 
labour

Place 
of birth

Type of 
delivery

Comments regarding pregnancy and birth

Medical History and Physical Exam (provide details in comments! Initf al Labórate rv  Investigatio ns
Test Reeuft Test Result

Hb HIV

MCV □  Counseled and test declined

ABO Last Pap

Rh

Antibody Screen GC/Chlamydia

Rubella Immune Urine CAS

HBsAg

VDRL

Sickle Celi

E a n s ttL S s n tU s  InveaHaatlom Result

a) All ages-MSS, IPS, F TS

t>) Age Ä 35 at EDB-CVS/amnio

c) If a orb declined, or twins, then MSAFP

d) Counseled and test declined, or too late Q

Current Pregnancy Genetic History Family History
1. Bleeding Y / N 22. At risk population Y / N 38. At risk population Y / N
2. Nausea, vomiting Y / N (e.g.: Ashkenazi, consanguinity, CF, (t.g.: DM . OVT/PE, PIH/HT.
3. Smoking cig/day Y / N sickle ceS. Tsy Sachs, thalassemia) postpartum depression, thyroid)
4. Alcohol, street drugs Y / N Farnitv history of:
5. Occup/Environ. risks Y / N 23. Developmental delay Y / N Physical Examination

6. Dietary restrictions Y / N 24. Congenital anomalies Y / N
7. Calcium adequate Y / N 25. Chromosomal disorders Y / N
S. Preconceptual folate Y / N 26. Genetic disorders Y / N

BMI BP
Medical History Infectious Disease
9. Hypertension Y / N 27. Varicela susceptible Y / N 39, Thyroid N/Abn

10. Endocrine Y / N 28. STDs / HSV / BV Y / N 40. Chest N /Abn
11. Urinary tract Y / N 29. Tuberculosis risk Y / N 41. Breasts N/Abn
12. Cardiac/Puimonary Y / N 30. Other Y / N 42. Cardiovascular N /Abn
13. Liver, hepatitis, Gl Y / N 43. Abdomen N/Abn
14. Gynaecology/ Breast Y / N Psychosociel 44. Varicosities / Extrm. N/Abn
15. Hem ./Immunology Y / N 31. Poor social support Y / N 45. External genitalia N/Abn
16. Surgery Y / N 32. Relationship problems Y / N 46. Cervix, vagina N /Abn
17. Blood transfusion Y / N 33. Emotlonel/Depresslon Y / N 47. Uterus N/Abn
18. Anaesthetic comp). Y / N 34. Substance abuse Y / N 48. S iz e :, , weeks
19. Psychiatric Y / N 35. Family violence Y / N 49. Adnexae N /Abn
20. Epilepsy/ Neurological Y / N 36. Parenting concerns Y / N 50. Other N/Abn
21. Other Y / N 37. Relig. / Cultural issues Y / N

Comments

Signature Date Signature Date

4293-64 (06/03) Canary -  Mother's chart -  forward to hospital Pink -  Attendant's copy White -  infant's chart 7530-5624
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The information below will be used for statistics purposes only and is strictly confidential, in 
compliance with Provincial Privacy Legislation.

Appendix C: London Intercommunity Health Centre Client Intake Form

Country of Origin: Year of arrival in Canada:
Cultural Background (e.g. religion, race, parent’s/ancestors’ country of origin):

Describe who lives with you:
□ Couple with children) 0 Couple without child 0 Extended Family
□ Sole Member (Male/Female) 0 Unrelated Housemates 0 Siblings
□ Single parent family (mother head) □ Single parent family (father head)
□ Grandparents with grandchild(ren) □ Other

Education:
□ Elementary □ High School 0 University □ College □ No Formal Education 
Household Income:
□ 0-14,999 □ 15,000-19,999 0 20,000-24,999 D 24,999-29,999 □ 30,000-34,000
□ 35,000-39,999 □ 40,000-59,999 □ over 50,000
Number of people supported by this income :



69

Appendix D: Continent and Country of Origin: Full Sample

Confines#of Origin (teQ tty  ■- ,
North America 93 49.73
South America 16 8.56
Asia 37 19.79
Africa 28 14.97
Europe 13 6.95

North America (n=93)
Canada 87 46.03
Jamaica 1 0.53
Mexico 2 1.06
St. Vincent 1 0.53
United States 2 1.06

South America (ra=16>., .

El Salvador 9 56.25
Guatemala 2 12.50
Honduras 1 6.25
Nicaragua 3 18.75
Venezuela 1 6.25

Asia (m=37)
Afghanistan 4 10.81
Bangladesh 2 5.41
Burma 2 5.41
Cambodia 12 32.43
Egypt 1 2.70
Iran 3 8.11
Iraq 5 13.51
Kuwait 1 2.70
Lebanon 1 2.70
Pakistan 3 8.11
Syria 2 5.41
Yemen 1 2.70

Africa (n=28)
Angola 2 7.14
Burundi 1 3.75
Republic of Congo 2 7.14
Eritrea 2 7.14
Kenya 1 3.75
Rwanda 1 3.75
Somalia 2 7.14
Sudan 12 42.86
Uganda 2 7.14
Zaire 1 3.75



Albania 
Bosnia 
Croatia 
France 
Kosovo 
Portugal 
Romania 
Russia 
(Former) Yugoslavia



Appendix E: Continent and Country of Origin: Cases Only

Continent of
North America 
South America 
Asia 
Africa 
Europe

11
1
4
4
0

55.00
5.00

20.00 
20.00

0
Country (n=20)

Canada 10 50.00
Afghanistan 1 5.00
Cambodia 1 5.00
El Salvador 1 5.00
Iraq 1 5.00
Mexico 1 5.00
Syria 1 5.00
Somalia 1 5.00
Sudan 3 15.00
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